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Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A268Purpose: Osteoarthritis (OA) is a common degenerative joint disorder
causing cartilage degradation, pain and disability. Lately it is charac-
terized as a whole joint disease as it affects the structure and func-
tionality of all tissue components, such as the menisci. Meniscus plays
an essential role in knee joint function providing stability and load
transmission. During OA the balance between catabolic and anabolic
processes in the cartilage tissue is disturbed favouring catabolism
through the cytokines and Matrix Metalloproteinases (MMPs) that are
present in the synovial ﬂuid of patients with mild or severe OA. In this
study we examine how meniscus and cartilage explants react to a
number of inﬂammatory mediators, in order to reveal their response
similarity and highlight potential crosstalks and interactions.
Methods: OA cartilage and the menisci were harvested from patients
undergoing total knee arthroplasty. Meniscus and cartilage disks (3 mm
diameter) were stimulatedwith inﬂammatorymediators [IL-1a, IL-1b, IL-
12a, CSF2 (50 ng/ml), TNF-a, IL-6, CXCL7, IL-8, CCL2, CXCL10, IFN-g, IL-3,
MIA2, IL-4 (100ng/ml) andGROa (500ng/ml)] for 24h. For each condition
the release of different proteins [IL-1a, IL-1b, TNF-a, IL-6, CXCL7, GROa, IL-
8,CCL2,CXCL10, IFN-g, IL-3, IL-12a,MIA-2,CSF2, IL-4]wasmeasured in the
supernatant after 24hours using custommultiplexedassays ona Luminex
FlexMap 3D instrument. Histological sections were prepared in order to
assess the osteoarthritic grade of the tissues used. Datarail toolbox was
used for data handling and visualization.
Results: In general, there was strong similarity between meniscus and
cartilage releases; the major inﬂammatory players (IL-1a, IL-1b, TNFa)
were the strongest stimuli as expected, in both tissues. Under these
cytokines cartilage disks released IL-6, CXCL7, GROa, IL-8, and CCL2.
Meniscus responses were the same up to 73% and 50%with the cartilage
ones for the ﬁrst and the second donors, respectively. Meniscus under
certain stimuli (IL-1a, IFN-g, CSF2, IL-8) responded differently than
cartilage by releasing ﬁve different cytokines that cartilage did not.
Conclusions: Until now, little is known about meniscus reaction to
cartilage protein expression or to the high cytokines concentration of
the synovial ﬂuid after trauma or OA. Our results conﬁrm that IL-1a, IL-
1b and TNF-a, as proinﬂammatory cytokines, promote systemic
inﬂammation and thus release of IL-6, IL-8 and GROa in both cartilage
and meniscus tissue. The above ﬁndings suggest that meniscus is
affected by its inﬂammatory environment and responds to it as actively
as cartilage, supporting the hypothesis that signiﬁcant crosstalk
between these two knee compartments exists and anti-inﬂammatory
therapies should take into consideration both tissues. Further inves-
tigations should be done to unveil the exact communication mecha-
nisms between meniscus and the other joint tissues.
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HYPERGLYCEMIA INCREASES INCIDENCE OF OSTEOPHYTE
FORMATION IN A MOUSE MODEL OF OSTEOARTHRITIS
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Purpose: Recently published studies have identiﬁed an association of
diabetes with an increased incidence and severity of osteoarthritis (OA).
However, while there are a number of potential mechanisms through
which diabetes may accelerate OA, very little is known about the
metabolic consequences of the diabetic environment in cartilage. The
aims of this study are to determine if and how hyperglycemia affects
cellular phenotype to promote increased OA progression.
Methods: The destabilized medial meniscus (DMM) model of OA was
applied to a mouse model of type 2 diabetes. All animal procedures
including euthanasia were approved by the local institutional review
committee. Seven 12 week old male mice with hyperglycemia (KKAy,
blood glucose > 300 mg/dL) and 4 age-matched male mice without
(KKaa) underwent DMM. At 8 weeks post-DMMmice were euthanized;
their knee joints (stiﬂe) were isolated and processed for histology.
Coronal sections were stained with safranin O/fast green and examined
for differences in morphology. After an increase in osteophytes was
noted, a follow up experiment was performed in which serial sectionswere stained with anti-BMP-2 polyclonal antiserum or anti-type X
collagen monoclonal antibody. To further test phenotypic changes due
to hyperglycemia, primary porcine chondrocytes were isolated from
hyaline articular cartilage of 3-5 year old pigs with serial trypsin and
overnight collagenase treatment. Within 24 h of plating at high density
(4 x 105/cm2), cells were incubated in serum-free monolayer culture for
6 days in iso-osmolar DMEM with normal (5 mM) or high (25 mM)
glucose (DMEM, 0.35 mg BSA/ml, 1% PSF). Alkaline phosphatase activity
was measured in the cell layer. This experiment was repeated 3 times
with similar results (N ¼ 3 pigs).
Results: The blood glucose of the hyperglycemic group at the time of
DMM was 83% greater than the control group (438 þ 55 vs. 239 þ 33, P
< 0.001), and body mass was 9% greater (34.9 þ 1.8 vs. 31.9 þ 2.9, P ¼
0.01). Histological analysis found that the percentage of mice with
osteophytes was signiﬁcantly greater in the hyperglycemic group
(Table).Osteophytes were primarily located in the medial tibial articular carti-
lage. Both BMP-2 and type X collagen were located in or near osteo-
phytes (Figure 1). Chondrocytes cultured in vitro under hyperglycemic
conditions produced greater cellular alkaline phosphatase activity than
normal glucose controls (Figure 2).
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A269Conclusions: Alkaline phosphatase, BMP-2, and type X collagen pro-
duction are all characteristic of hypertrophic chondrocytes and may
contribute to excess mineralization in OA joints. Taken together, our
data suggest that high glucose conditions favor a change towards the
hypertrophic phenotype. Ample evidence supports a similar change in
human that is characteristic of OA chondrocytes. Our ﬁndings are in
agreement with the recent clinical studies demonstrating accelerated
OA progression in patients with diabetes. The limitations of this study
are 1) the hyperglycemic mice were slightly heavier than controls
which may add mechanical effects (adipose levels were not measured),
and 2) higher noise-to-signal background was present with the type X
collagen antibody. These are balanced by the strengths of this study
which include 1) animals were veriﬁed hyperglycemic prior to DMM,
and 2) phenotypic change was tested in two model systems (in vivo
rodent and in vitro large mammal). In summary, this study suggests the
hypothesis that accelerated hypertrophy of articular chondrocytes is a
result of hyperglycemia and may contribute to the progression of OA as
previously seen in patients with diabetes.
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EFFECTS OF FIBROBLAST GROWTH FACTOR-2 AND ITS RECEPTOR
ANTAGONISTS IN OSTEOARTHRITIS
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Purpose: The ﬁbroblast growth factor (FGF) family represents an
interesting group of molecules which are involved in the regulation of
connective tissue development and metabolism. FGFs signal through
receptors FGFR1-4. FGF-18, which has been shown to signal principally
through FGFR3, has promising beneﬁcial effects in articular cartilage,
whereas FGF-2 has been shown to signal also through other FGF
receptors. The role of FGF-2 in osteoarthritis (OA) remains unknown in
many aspects. In the present study we investigated the presence and
effects of FGF-2 in OA joints by assessing the associations of FGF-2 with
cartilage degrading matrix metalloproteinase (MMP) enzymes and
with the synthesis of the major cartilage matrix components aggrecan
and collagen as well as by investigating the effects of FGF receptor
antagonists.
Methods: Synovial ﬂuid and cartilage samples were obtained from 97
OA patients undergoing total knee replacement surgery (60 females and
37 males, BMI 30.9 ± 0.6 kg/m2, age 69.8 ± 1.0 years; mean ± SEM). FGF-
2 concentrations in the synovial ﬂuid and cartilage culture medium
were measured by immunoassay. FGF receptor expression proﬁles of
primary human OA chondrocytes were determined by quantitative RT-
PCR. The effects of FGF-2 and its receptor antagonists on the expression
of MMP-1, MMP-13, aggrecan and collagen II were investigated in cul-
tures of primary human OA chondrocytes. The study was approved by
the Ethics Committee of Tampere University Hospital, Tampere, Finland
and it was carried out in accordance with the Declaration of Helsinki.
The patients gave their written informed consent, and their diagnosis
was conﬁrmed to fulﬁll the ACR classiﬁcation criteria for osteoarthritis.
Results: FGF-2 was present in OA synovial ﬂuid and released into the
culture media from cartilage samples obtained from OA patients.
Interestingly, FGF-2 concentrations correlated positively with the
concentrations of MMP-1 (r¼ 0.414, p < 0.001) and MMP-13 (r¼ 0.362,
p < 0.001) in the cultures of OA cartilage.
In primary human OA chondrocytes FGF receptors 1-4 were expressed,
with the expression of FGFR1 being the highest. FGF-2 up-regulated the
production of MMP-1 andMMP-13, and down-regulated the expression
of aggrecan and collagen II, in human OA chondrocyte cultures. More
importantly, FGF receptor antagonists AZD4547 and NVP-BGJ398 (10-
300nM) down-regulated the production of MMP-1 and MMP-13 and
up-regulated the expression of aggrecan and collagen II in a concen-
tration dependent manner, and not only in the presence but also in the
absence of exogenous FGF-2.
Conclusions: The present results suggest that, in contrast to its growth
factor like effects in some other conditions, FGF-2 induces catabolic and
anti-anabolic effects in OA joints by up-regulating the production of
matrix degrading enzymes MMP-1 and MMP-13 and downregulating
the de novo synthesis of cartilage matrix components aggrecan and
collagen II. Moreover, by counteracting these effects FGF-receptorantagonists showed promising beneﬁcial effects on the balance of
catabolic and anabolic mediators within OA cartilage.
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INTRINSIC CARTILAGE REPAIR BY JOINT DISTRACTION IS TRIGGERED
BY A REGENERATIVE TRANSCRIPTIONAL RESPONSE
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Purpose: Joint distraction provides long-term improvement of pain and
function, accompanied by intrinsic cartilage repair evaluated indirectly
by imaging and biochemical markers in humans with knee osteo-
arthritis (OA) (Wiegant et al, 2013). Moreover, joint distraction results in
cartilage repair activity in an experimental canine model of OA, which
corroborates with the structural observations of cartilage repair by
surrogate markers in humans (Wiegant et al, 2014). Despite these
promising results little is known about the exact mechanisms that boost
them. This study evaluates for the ﬁrst time the regenerative tran-
scriptional response during joint distraction in an experimental model
of osteoarthritis.
Methods: Knee OAwas induced in 8 dogs according to the groovemodel.
Tenweeks after OA induction, 4 dogs received joint distraction (D) and 4
dogs served as disease controls (OA). After 4 weeks of distraction the
animals were sacriﬁced and knee tissues including fat pad, synovium,
meniscus, bone and cartilagewere harvested. qPCR analysis of more than
35 state-of -the-art regenerative gene markers was performed.
Results: The OA group revealed an upregulation of typical OAmarkers,
like matrix metalloproteinases, collagen, and apoptosis markers con-
ﬁrming the OA disease cascade in speciﬁcally cartilage, bone and
synovial tissue. Joint distraction caused downregulation of the typical
OA markers and the maintenance of some important matrix remod-
eling genes for regeneration, e.g. aggrecanase. Moreover, genes from
several pathways were differentially expressed between the D and OA
group, including TGF-b, Wnt, and Notch signaling pathways. Inter-
estingly, a high number of events occurred in bone, highlighting the
importance of this tissue in the regenerative outcome of joint dis-
traction on OA cartilage.
Conclusions: Distraction is a good candidate for knee OA treatment
resulting in prolonged clinical and structural changes. This study
demonstrates distinctively that joint distraction initiates a transcrip-
tional regulation of several important regenerative genes indicating
that a reset of joint homeostasis can lead to cartilage repair in OA.
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THE INFLUENCE OF RE-MOBILIZATION ON DEGENERATED
CARTILAGE INDUCED BY JOINT IMMOBILIZATION ~ PATHOLOGICAL
PROCESS OF THE CYST FORMATION ~
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T. Aoyama, H. Kuroki. Human Hlth. Sci.s, Graduate Sch. of Med., Kyoto
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Purpose: Understanding of the degeneration process in articular car-
tilage is necessary to develop strategies to prevent and treat joint dis-
ease and cartilage degeneration. Joint immobilization causes various
degeneration of articular cartilage such as thinning, softening and
reducing proteoglycan content. We reported that degenerated cartilage
after 8-week immobilization was aggravated by re-mobilization, which
is characterized as cyst formation. The degenerated cartilage was not
observed in the contact area between the femoral condyle and the tibial
plateau but marginal of the contact area (Nagai et al., 2014 World
Congress on Osteoarthritis). However, it is still unknownwhen and how
the cyst formation occurs. The purpose of this study was to examine
when the cyst formation occur and the pathological process of the
degeneration induced by re-mobilization.
Methods: The left knee joint of Wistar rats aged 12-week old was
immobilized at 140 ± 5 degrees of knee ﬂexionwith K-wire and resin for
8-week. Thereafter the external ﬁxator was removed and bred again for
5-, 6-, 7- and 8-week. Control group applied K-wire in the femur and
tibia diaphyses as a sham operation, but the joint motion was not
restricted. Forty rats were prepared for histological analysis (exper-
imental group: n ¼ 5/each period, control group: n ¼ 5/each period).
The rats were sacriﬁced at the end of experimental period. The knees
were extirpated, ﬁxed with 4% PFA, decalciﬁed in 10% EDTA and
